Background: Leptin and its receptor play a role in several disease processes such as pancreatitis and heart disease. However, their association with gallbladder mucocele (GBM) in dogs has not been reported.
G
allbladder mucocele (GBM) in dogs is defined as a distended gallbladder with inappropriate accumulation of inspissated bile and mucus. 1 Although clinical signs vary and some dogs with GBM have no clinical signs, GBM is a common cause of life-threatening biliary tract diseases such as extrahepatic biliary obstruction and bile peritonitis. The etiology of GBM is unclear but disordered gallbladder motility, inflammation of the gallbladder wall associated with disturbances in the protective mechanism of the gallbladder epithelium against bile acids, and endocrinopathies such as hyperadrenocorticism, hypothyroidism, and diabetes mellitus may predispose dogs to GBM formation. [2] [3] [4] Leptin, which is one of the most important hormones derived from mature adipose tissue, plays a role in energy metabolism at a central level. 5 The past 20 years of research on leptin have identified a network that links leptin with metabolism, nutrition, and various diseases. Leptin works primarily as a fasting hormone through regulation of food intake and energy consumption and is thus associated with obesity, 6 and it also serves as a physiological modulator in association with several diseases such as pancreatitis, 7, 8 endocrinopathy, [9] [10] [11] and tumors. 12, 13 Indeed, several studies comparing the expression of leptin between patient and control groups have suggested a relationship of these diseases with dysregulation of leptin.
The expression of leptin or leptin receptors has been reported in various organs such as the stomach, 14 pancreas, 15 and small intestine, 16 with leptin emerging as a key factor responsible for various physiological functions in each organ. Numerous studies have described the relationship between leptin and the gallbladder. Leptin regulates, either directly or indirectly, physiological mechanisms in the gallbladder, including modulation of gallbladder motility through effects on neurotransmitters, 17 as well as secretion and reabsorption of water and electrolytes by upregulation or downregulation of gallbladder genes related to water, chloride, sodium, and bicarbonate transport. 18 In addition, earlier studies proposed that leptin dysregulation results in a change in bile components within the gallbladder and causes several diseases of the gallbladder such as cholelithiasis. 19, 20 Furthermore, hypokinetic and altered gallbladder contents are known to be correlated with the pathogenesis of GBM.
Although many different physiological and pathological roles of leptin have been reported in various peripheral tissues of animals and humans, to the best of our knowledge, there is little information about the link between leptin and GBM in dogs. On the basis of the above-mentioned studies, we evaluated the possibility of a link between the pathology of GBM and leptin. We compared serum and tissue leptin and leptin receptor concentrations in dogs with and without GBM by ELISA and real-time polymerase chain reaction (PCR), respectively.
Materials and Methods

Sample Preparation
Blood samples were collected for measurement of leptin concentration, and gallbladder samples were obtained for mRNA quantification of leptin and leptin receptor. Informed consent was obtained from the dogs' owners and all of the procedures were approved by the Seoul National University (SNU) Institutional Animal Care and Use Committees (SNU-160120-2).
Twenty-two dogs with GBM and 25 healthy dogs were enrolled in this study. The 22 client-owned dogs with newly diagnosed GBM and 16 healthy dogs were recruited from Veterinary Medicine Teaching Hospital at SNU. An additional 9 healthy laboratory beagle dogs housed at the Department of Veterinary Surgery, College of Veterinary Medicine at SNU, were included for analysis. All dogs underwent physical examination, CBC, serum biochemistry, and abdominal ultrasonography. A body condition score (BCS) for all dogs was recorded by a single investigator using a 1-9 scale system. 21 All dogs enrolled were selected based on a normal BCS (BCS of 5 or 6 of 9). We confirmed that all of the gallbladders of the control group were normal based on blood analysis and ultrasonography. The GBM dogs were diagnosed using abdominal ultrasonography according to criteria previously described at the Department of Veterinary Radiology, College of Veterinary Medicine, SNU. 1 Diagnosis of hyperadrenocorticism was made according to clinical signs and hormone tests, with either a low-dose dexamethasone suppression test or adrenocorticotropic hormone stimulation test.
22
A dog was diagnosed with hypothyroidism if the thyroid panel (total T4, free T4, thyroid-stimulating hormone) indicated decreased thyroid gland activity with clinical signs. 10 Persistent fasting hyperglycemia and glycosuria concurrent with clinical signs were the diagnostic criteria for diabetes mellitus. 23 Patients included in the endocrinopathy group were diagnosed with individual endocrinopathies and managed accordingly.
Blood samples were taken from the jugular vein of 22 dogs that presented with GBM and 25 healthy dogs, including 9 healthy laboratory beagle dogs as controls. The dogs were fasted for 12 h before blood collection. Serum was separated immediately after collection in a serum separation tube. One portion of the sample was used for serum biochemistry analysis, including total cholesterol and triglycerides, and the remainder was frozen at À80°C until further analysis.
Gallbladder samples were collected from 9 dogs with GBM that underwent surgery for therapeutic purposes and 9 healthy laboratory beagle dogs as the normal control group that were euthanized for another approved experiment (SNU-150624-7) unrelated to our study. In the GBM patients, cholecystectomy was performed when medical management failed, clinical signs associated with biliary obstruction were present, or gallbladder rupture was suspected. Gallbladder samples were promptly frozen in liquid nitrogen and then stored at À80°C until used for real-time PCR. 
Sandwich ELISA
Real-Time PCR
Total RNA was extracted from the gallbladder samples with a Hybrid-R RNA extraction kit c , and the RNA concentration was quantified with Implen NanoPhotometer d . Total RNA (1000 g) was reverse-transcribed with a PrimeScript 1st strand cDNA synthesis kit e , and the synthesized cDNA was amplified in triplicate by real-time PCR with a SYBR Premix Ex Taq II f and StepOnePlus Real-Time PCR System g according to a slight modification of the manufacturer's protocol. The mRNA levels for leptin and leptin receptor were normalized to that of the housekeeping gene glyceraldehyde 3-phosphate dehydrogenase. The primer sequences for each gene used in real-time PCR are shown in Table 1 . These primers of leptin 24 and the leptin receptor 25 were reported previously. The identity of amplified PCR products was confirmed by DNA cloning and sequencing with Sanger's method.
Statistical Analysis
Statistical analyses were performed by SPSS, version 23.0 h . Normality tests (Shapiro-Wilks) were conducted to determine whether the data were normally distributed. The Mann-Whitney U-test was used to analyze the differences in serum leptin concentration, age, body weight, and BCS between the healthy and GBM groups. The Kruskal-Wallis test was used to compare serum leptin concentration among 3 groups (healthy, GBM without endocrinopathy, and GBM with endocrinopathy; healthy, nonoperated GBM, and operated GBM). When a significant difference was found, the Mann-Whitney U-test was used for follow-up pairwise comparisons with a Bonferroni-Holm multiple comparison adjustment. The data are presented as the median and range or interquartile range. The relative mRNA expression levels of leptin and leptin receptor in gallbladder samples, triglyceride concentrations, and total cholesterol concentrations were compared between the healthy and GBM groups by the independent t-test, and the data are presented as the mean values of each group AE standard deviation. Associations between serum leptin concentrations and age, breed, sex, body weight, BCS, triglycerides, and cholesterol were evaluated with the Spearman rank correlation test. A Pvalue < .05 was considered to represent statistical significance.
Results
Cases
Details of the healthy dogs and the 22 dogs with GBM included for blood analysis are summarized in Table 2 . The median body weight of the dogs with GBM was 5.97 kg, which was greater than that of the healthy dogs but without statistical significance (P = .58). The median BCS was 5 of 9 in the GBM group, which was similar to that of the healthy dogs (P = .67).
Normal gallbladder tissue samples were obtained from 9 healthy beagle dogs and 9 patients that underwent surgery for GBM. Detailed information of these dogs is summarized in Table 3 . The median body weight of the healthy group was 10 kg, which was significantly higher than that of the GBM group (P = .046). The median BCS of the healthy group was 5 of 9, which was not different from that of the GBM group (P = .53).
Serum Concentrations of Leptin in Healthy Dogs and Dogs With GBM
The serum concentration of leptin was significantly higher in dogs with GBM compared to that in healthy dogs (P < .001; Fig 1) . To determine the association between the severity of GBM and the serum leptin concentration, GBM patients were further categorized into operated and nonoperated groups, and the serum leptin concentration was significantly higher in the former group (P = .001; Fig 1) . The concurrence of an endocrinopathy with GBM had no significant influence on serum leptin concentration (Fig 3) . No correlation was detected between serum leptin concentration and age (P = .356), breed (P = .271), sex (P = .369), body weight (P = .626), or BCS (P = .390) for the control dogs or in patients with GBM that underwent surgery (P = .32, .26, .7, .08, and .86, respectively).
Relative mRNA Expression Levels of Leptin and Leptin Receptor in Healthy Dogs and Dogs With GBM
The mRNA expression of leptin (P = .003) and leptin receptor (P = .032) was significantly downregulated in healthy dogs compared with that of dogs with GBM (Fig 2) . No significant difference was identified in the mRNA expression levels between the GBM groups with or without endocrinopathy (Fig 3) .
Discussion
The results of our study showed that body weight, BCS, age, breed, and sex are not significantly associated with serum leptin concentrations either in healthy dogs or in dogs with GBM. A previous study showed that circulating plasma concentrations of leptin were significantly higher in dogs with higher BCS but there were no significant relationships between plasma leptin concentrations and breed, age, or sex. 26 These findings suggested that plasma leptin concentrations may play a role in the parameters of adiposity regardless of breed, age, and sex. 26 To rule out the influence of body fat mass on leptin concentration in dogs, 26, 27 all dogs enrolled in the present study were selected based on a normal BCS (BCS of 5 or 6 of 9).
The diagnosis of GBM relies on a combination of imaging studies, laboratory tests, and clinical signs such as anorexia, vomiting, and lethargy. One of the most useful diagnostic tools currently available is abdominal ultrasonography. Ultrasonographically, the GBM usually contains echogenic material with finely striated or stellated bile patterns and differs from biliary sludge by non-gravity-dependent bile movement. 1, 28 Moreover, ultrasonographic changes in bile patterns according to the progression of GBM have been described, in which immobile echogenic bile gradually changes to a stellate Continuous variables are presented as mean and SD, except for age and BW (which are presented as the median and interquartile range). BCS, which is a discontinuous variable, is presented as the median and range. **P < .01, ***P > .05 compared with controls.
or finely striated pattern. 1 However, in some cases, even if these changes are observed on ultrasound examination, they are not always accompanied by changes in clinical signs and laboratory findings. Therefore, sole dependence on diagnostic imaging tests to determine a patient's prognosis has limitations. Our study showed that serum leptin concentrations were significantly upregulated in dogs with GBM compared to healthy dogs. To further determine the association between the severity of GBM and the circulating leptin concentration, the GBM group was divided into operated and nonoperated groups, and significantly higher serum leptin concentrations were observed in the former. This result further supported that serum leptin concentration Spayed females (2) Castrated males (7) Breed (n) Beagles (9) Cocker Spaniels (3) Maltese (3) Poodles (2) Schnauzer (1) Continuous variables are presented as mean and SD, except for age and BW (which are presented as the median and interquartile range). BCS, which is a discontinuous variable, is presented as the median and range.
*P < .05, **P < .01, ***P > .05 compared with controls.
Fig 1.
Comparison of the circulating leptin concentration (A) between healthy dogs (n = 25) and dogs with gallbladder mucocele (GBM, n = 22) and (B) between nonoperated (n = 13) and operated (n = 9) patients among the dogs with GBM. The horizontal bars indicate the medians and ranges. *P < .05 between 2 groups.
Fig 2.
Comparison of the relative mRNA expression levels of (A) leptin and (B) leptin receptor in healthy dogs (n = 9) and dogs with gallbladder mucocele (GBM, n = 9). The columns represent the mean value of each parameter, and the vertical error bars indicate the standard deviation. *P < .05 between groups.
might be a useful variable for determining the severity of GBM in dogs. Considering that both gallstones and GBM are caused by similar environmental factors within the gallbladder, such as changes in gallbladder motility and bile components, our results are strengthened by previous research showing that patients with gallstones had higher serum leptin concentrations than controls. 2, 20, 29 We also found increases in the mRNA expression levels of leptin and leptin receptor in the gallbladder tissues of dogs with GBM compared to controls.
Although the relationship between serum leptin concentration and the severity of GBM has not been evaluated and the potential mechanism remains unknown, previous studies on leptin provide some clues. Leptin was shown to modulate cholecystokinin (CCK) signaling and had cooperative interactions with CCK in vagal afferent neurons (VAN). [30] [31] [32] Leptin may potentiate the inhibitory action of CCK on VAN. 33 Cholecystokinin acts by binding to CCK receptors distributed in the gallbladder smooth muscle and sphincter of Oddi. 34, 35 Previous studies have reported that leptin modulated the contractions and emptying of the gallbladder 36 and simultaneously relaxed the sphincter of Oddi. 35 These findings suggest that overexpression of leptin and leptin receptors in GBM patients may reflect a compensatory reaction to resolve biliary dyskinesia caused by decreased motility of the gallbladder and sphincter of Oddi. Another study showed that leptin decreased gallbladder volume, bile sodium concentration, and pH by regulating gallbladder genes related to absorption and secretion. 18 Specifically, leptin upregulated the expression of aquaporin 1 downregulated aquaporin 4 and influenced sodium channel-a and sodium-hydrogen exchangers. 18 These findings further support our hypothesis that overexpression of leptin and leptin receptors in GBM patients might reflect a compensatory response to maintain homeostasis within the gallbladder in pathological situations. However, there currently is no clear evidence to confirm this hypothesis, and thus, further studies are needed to gain an accurate understanding of the relationship between leptin and GBM.
Previous studies have suggested that leptin has a synergistic interaction with endocrinopathies such as hyperadrenocorticism, hypothyroidism, and diabetes mellitus, which were associated with increased leptin concentrations. [9] [10] [11] In addition, a case-control study showed that these endocrinopathies were associated with GBM; in particular, the presence of hyperadrenocorticism increased the morbidity of GBM 29-fold. 4 Therefore, it was hypothesized that leptin concentrations would be even higher in patients with both GBM and an endocrinopathy compared to those with only 1 disease but this was not the case in the our study. The association between leptin and endocrinopathies as well the association between leptin and GBM has been identified in several previous studies. 4,9-11 Accordingly, we expected to observe a higher serum leptin concentration in GBM patients with concurrent endocrinopathy than in cases of either disease alone but this synergistic effect of GBM and endocrinopathies on leptin concentration could not be clearly identified in our study. Therefore, further studies are needed to better understand the exact mechanism that underlies this interaction between GBM and endocrinopathies.
Hyperlipidemia is defined as an increase in the blood concentration of total cholesterol, triglycerides, or both. 37 In the present study, the serum concentrations of total cholesterol and triglycerides were upregulated in GBM patients compared with controls, suggesting that hypercholesterolemia and hypertriglyceridemia are associated with GBM in dogs. This finding is consistent with a previous study, 38 in which the authors suggested that hypertriglyceridemia decreased gallbladder motility, and the excessive secretion of cholesterol in the bile with subsequent oversaturation led to the formation of GBM. Another study showed that leptin promoted biliary cholesterol elimination by decreasing bile salt pool size and decreasing the activity of 3-hydroxy-3-methylglutaryl-CoA reductase in the liver. 19 Combining the results of previous research with our results, it appears that the increase in leptin concentrations in GBM patients may occur as a negative feedback mechanism to prevent formation of a mucocele induced by increased cholesterol concentrations.
The association between serum triglyceride or cholesterol and leptin concentrations is controversial. Several previous studies have concluded that the relationship between serum leptin and lipid (cholesterol and triglycerides) concentrations was not statistically significant when adjusted for variations in age and body mass index. 39, 40 By contrast, in other studies, leptin was reported to be positively correlated with cholesterol in healthy dogs 41 and with triglycerides. 42 In addition, leptin was found to play a role in the decrease in very-lowdensity lipoprotein triglyceride after weight loss. 43 In our study, triglyceride and cholesterol concentrations were relatively high in the GBM group, and the serum leptin concentration of the GBM group also was higher than that of the control group. In practice, most GBM patients have concurrent hyperlipidemia, and this association among hyperlipidemia, leptin, and GBM also seemed to be present in our study. No direct association was observed, however, within the GBM group, according to the correlation analysis between cholesterol and leptin (P = .069) or between triglycerides and leptin (P = .454).
There are several limitations to our study. One limitation is the relatively small sample size of 22 GBM dogs and 25 normal control dogs. Obtaining a larger sample size would not only help to obtain more reliable results, but also would allow for a multiperspective analysis. In particular, because the focus of our study was on the relationship between GBM and leptin, we did not seek to increase the endocrinopathy-only group sample size in advance, and the total sample size was too small to allow for subgrouping according to each type of endocrinopathy. Therefore, subgrouping of the endocrinopathy group into diabetes mellitus, hyperadrenocorticism, and hypothyroidism was necessary to evaluate the effect of leptin concentration for each endocrinopathy. In addition, the presence of an endocrinopathy in the non-GBM group could not be analyzed. Therefore, to best determine the interaction between GBM and endocrinopathy and its effects on leptin concentrations, a larger sample size would be needed. This would permit effective comparisons of leptin concentrations in the GBM-only group, GBM with concurrent endocrinopathy group, endocrinopathy-only group, and control group. Moreover, as with most retrospective studies, an accurate grouping and history control could be limited by failure to document a complete diagnostic and medication history in the medical record. Previous studies suggested that treatment could attenuate alterations in leptin in dogs with hypothyroidism 44 or hyperadrenocorticism. 9 Because the dogs with endocrinopathies already were being treated at the time of sample collection, both the potential misclassification of dogs and treatment of the dogs with endocrinopathies may have influenced the difference in leptin concentration between dogs with and without endocrinopathies. In the process of controlling other factors that could affect leptin concentration, we restricted patients for our study to those with a BCS of 5-6 of 9. However, the fact that the observed association was detected in dogs with normal body condition does not necessarily imply the presence of the same association in underweight or obese dogs. Another limitation is that the quantitative evaluation of the relative expression levels of leptin and leptin receptor was only conducted at the mRNA level by real-time PCR and not at the protein level.
In conclusion, our results indicated that serum leptin concentrations are associated with GBM in dogs and that dysregulation of leptin might have an influence on the pathogenesis of GBM. Furthermore, serum leptin concentration might be a useful variable for determining the severity of GBM in dogs. The increased expression of leptin and leptin receptors in GBM patients suggests that the dysregulation of leptin, which plays a role in regulating physiological processes in the gallbladder, could be a causative factor in GBM. The results of our study may provide the foundation needed to build knowledge on the relationship between leptin and the pathophysiology of gallbladder diseases in the future. However, further studies are needed to elucidate the specific roles of leptin in the development of GBM.
